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Background
• Isotactic Polypropylene (i-PP)
• Commercially available thermoplastic polymer
• Packaging and labeling, textiles and stationery 
[1]
• Optimal price-performance ratio, recyclability 
[2]
• Inferior mechanical strength [3]
• Solid-state processing to improve mechanical 
strength
• Polyethylene terephthalate, Polystyrene and 
Polyvinyl Chloride (Fig. 1 and Fig. 2) [4]
• Nucleating agents to enhance mechanical 
properties [5]
Fig. 1. PP 
cups used by 
Dunkin 
Donuts
Fig. 2. PP in 
Tic Tac boxes
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Background
• Nucleating agents are 
additives 
• Sorbitol-based derivatives 
such as 1, 3, 2, 4-
dibenzylidene sorbitol (MDBS) 
[7]
• Melt blending or solubilizing 
[8]
• Difficult to attain uniform 
dispersion [9]
[7] Zweifel, H., Maier, R. D., Schiller, M., & Amos, S. E. (2009). Plastics additives handbook. Hanser Gardner.
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Fig. 3. Working 
mechanism of nucleating 
agents
Background
• Cryomilling - Solid-state grinding technique
• Mechanical attrition of particles - cryogenic 
environment (-196℃)
• Induces molecular physicochemical changes [11]
[11] Santoro, G., Gómez, M. A., Marco, C., & Ellis, G. (2010). A Solvent‐Free Dispersion Method for the Preparation of PET/MWCNT
Composites. Macromolecular materials and engineering, 295(7), 652-659.
Fig. 4. Cryomilling
Research Problem
• Can cryomilling homogeneously disperse small 
quantities (0.2wt%-1 wt.%) of MDBS within i-PP 
matrix?
• Does cryomilling PP/MDBS improve the 
mechanical properties of i-PP?
Methodology
Fig. 5. Flowchart of experimental methods
Table 1. %MDBS
X-Ray Diffraction
Fig. 6. XRD graph
17.8°
Differential Scanning Calorimetry
Fig. 7. Cooling curve from DSC analysis
Table 2. DSC cooling and heating data
Mechanical Properties
Fig. 8. Test setup and coupon
Fig. 9. Stress-Strain curve for PP/MDBS samples
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Table 3. Tensile test data
Fig. 10. Box plot of tensile strength and strain data
Conclusions and Broader Impacts
• Lower malleability
• Higher strength
• Broaden industrial applications
• Reduce cycle time
• Lower cost
• New processing technique
Questions?
slau@iastate.edu
